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In earlier studies in this laboratory on starch-amylase digestion, it 
was found that  considerable variation existed in the physiochemical 
properties of starch prepared by the method of Litner.  Accordingly, 
as  a  temporary expedient,  experiments were  restricted  to  a  single 
batch of starch.  1, ~  The following work was undertaken to ascertain 
the effect of dilution of the starch substrate,  and  to investigate the 
possibility  of establishing  relations  between the  various  batches  of 
commercial soluble starch, using relative viscosity and amylase diges- 
tivity as comparative factors. 
In another communication  ~  from this laboratory, a method has been 
described for the estimation of amylase by a viscosimetric method, em- 
ploying 7 per cent starch solution  (Baker's Soluble  Starch, Lot No. 
13128)  as  substrate,  wherein the  general  aspects  of  viscosimetric 
methods have been discussed.  In what follows it will be attempted to 
employ, wherever possible, the same symbols as were used in that dis- 
cussion, for the variables involved.  Briefly summarized these are as 
follows: 
For a particular digestion, s is the time in seconds (to the nearest 
tenth)  required for the digestion mixture in a  given viscosimeter to 
flow between the fixed marks at a  time,  t,  from the mid-time of this 
observation to the mid-time of mixing the enzyme and substrate,  t 
is expressed in hours to the nearest thousandth. 
so is the mean time of outflow in seconds, previously estimated in the 
1 Thompson, W. R., Johnson, C. E., and Hussey, R., J. Gen. Physiol.,  1931-32, 
15,  1. 
2 Johnson, C. E., and Wies, C. H., J. Exp. Med.,  1932, 55, 505 
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same viscosimeter for a  solution differing from the digestion mixture 
only in that a  conventional solution devoid of enzyme (e.g.,  0.85 per 
cent saline) is substituted for the enzyme solution in admixture with 
substrate,  so is called, for brevity, the zero outflow time for the given 
digestion. 
is defined as a positive number, less than unity and fixed for any 
enzyme substrate system, and S is defined by the relation 
(1)  S  =  so q) 
In the work  1 with the  7  per  cent  starch  as  substrate,  the  value 
q~ =  0.800 was arbitrarily chosen.  In these digestions as in those men- 
tioned below, the temperature was maintained within 0.03 of a degree 
of 37.50°C.  The associated values (t, s) for a given digestion form a 
set of points which may be plotted on coordinate paper and a smooth 
curve fitted as described in the report  1  previously mentioned.  On this 
curve a point whose ordinate is S is found, and the corresponding ab- 
scissa is called T.  It was found that T varied in inverse proportion 
to the enzyme concentration.  Accordingly, Q was taken as the con- 
centration of amylase (in the solution, 5 parts of which are mixed with 
25  parts  by volume of substrate)  in arbitrary units, defined by the 
relation 
1  (2)  Q =  -- 
T 
The actual concentration of amylase in the  digestion mixture is es- 
timated as 1/6 of this under the circumstances. 
The object of the experiments of the first part of the present report 
was to show what value of $  should be chosen for starch substrate 
solutions made from the same lot of starch as the above, but differing 
in the starch concentration, in order that T  should be the same for 
these systems when the enzyme concentration is the same.  Accord- 
ingly,  simultaneous digestions were  run  with a  standardized starch 
substrate in each instance, and another substrate  solution with the 
same concentration of enzyme.  From the data on the former diges- 
tion,  T  was  estimated  (as  a  mean  of  four digestion observations), 
and by an inverse process a point on the curves for the other substrate 
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nate  was  called S, and the ratio of this  to so  (the corresponding zero 
outflow time)  taken as an estimate of the appropriate value of ~  men- 
tioned above; or, as an alternative which was employed after the first 
such experiment in which the standard 7 per cent substrate was com- 
pared  with  the  3  per  cent  starch  substrate,  for  which  the  value 
0 =  0.842 was found appropriate, this 3 per cent starch was used as the 
basis of comparison of others.  The mean of four such estimations is 
given in the instance of each substrate solution so employed, together 
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with the corresponding mean value of p, the relative viscosity, defined 
by the  relation 
$o  (3)  p =  -  w 
where W  is the mean outflow time of distilled water under the same 
conditions as prevailed in the estimation of so (that is, the same vis- 
coshneter,  temperature,  and volume).  In  Table I  are given the re- 
sults obtained which are represented graphically in Text-fig. 1, where 
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The validity of employing the 3 per cent substrate solution for es- 
timation  of amylase concentration  is indicated  by the  following ex- 
periment.  Four  digestion  mixtures  were  simultaneously  observed, 
employing 3 per cent starch  as substrate,  in which the enzyme con- 
centrations were in the proportion 1"½: (½)2: (½) a, the greatest concen- 
tration being about 4 units  (Q  =  4).  The results of five such experi- 
ments, with digestions followed in duplicate in each instance, are given 
in Table II.  In this tame the means of the duplicate digestion esti- 
mates of T are designated by a, 5, % and  ~ respectively, a  being that 
for the strongest, and so on in descending order,  5 for ½, 3' for 2, and 
for ~ of this strength. 
TABLE  I 
Starch concentration  p  ¢  a.d. 
gm./lO0 co. 
7.000 
6. 000 
3.000 
1. 500 
0. 750 
0.375 
2.89 
2.46 
1.56 
1.25 
1.12 
1.06 
O. 800 
0.807 
O. 842 
O. 890 
O. 924 
0.959 
0.001 
0.001 
0.002 
0.002 
0.004 
a.  d.  is the mean of numerical deviations of q~ estimated from their mean. 
In order to compare these various experiments we define the number 
J  in each instance by the relation 
(4) 
and  we define 
(s) 
8a  +  4/5'+  27  + 
J= 
8 
cz 
a'  =  ),fl'=  B  "r'  =  j,  and ~'  =  -.  y'  y 
The value of these variables will be found in Table III  together with 
their means, dispersion measures (a.d. and A.D.), and zX, the deviation 
of the mean  from its ideal  value for exact holding  of the  reciprocal 
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It is readily observed that starch solutions prepared from different 
lots of starch, even though the solutions are the same concentration 
TABLE  II 
Approximate 
value of Q 
0. 242 
0.129 
0.186 
0.501 
0.504 
0.503 
0.99 
1.01 
1.00 
2.12 
2.04 
2.08 
0.948 
II 
0. 260 
0.260 
0. 260 
0. 332 
0.341 
0.337 
1.07 
0.98 
1.03 
1.95 
1.96 
1.96 
0.931 
III 
0.257 
0.257 
0.257 
O. 528 
0.526 
0.527 
1.21 
1.14 
1.18 
2.06 
2.07 
2.07 
1.08 
IV 
0.230 
0. 248 
0. 239 
0. 508 
0.495 
0. 502 
1.03 
1.02 
1.03 
2.04 
1.99 
2.02 
1.00 
V 
0.255 
0.268 
O. 262 
0. 544 
0.550 
0. 547 
1.24 
1.17 
1.21 
2.13 
2.19 
2.16 
1.11 
TABLE  III 
Experiment  a'  B'  "Y'  5' 
I 
II 
III 
IV 
V 
Mean 
a.d. 
A.D. 
A 
0.196 
0.279 
0.238 
0.239 
0.236 
0.238 
0.017 
0.008 
-0.012 
0.533 
0.326* 
0.486 
0.502 
0.493 
0.504 
0.015 
0.008 
0.004 
1.06 
1.11 
1.19' 
1.03 
1.03 
1.058 
0.028 
0.014 
0.058 
2.19 
2.11 
1.92 
2.02 
1.95 
2.038 
0.090 
0.040 
0.038 
* Rejected by rule of deviation in excess of 4  (a. d.) of remaining observations 
from their mean. 
by weight, may differ greatly in both viscosity and as media for the 
viscosimetric  estimation  of  enzyme  concentration.  The  following 226  STARCH  SUBSTRATE  IN  AMYLASE  VISCOSIMETRY 
experiments were performed in an attempt to find some basis of com- 
parison of results which might so be obtained. 
In the same manner  as solutions of different concentrations  of the 
standard lot were compared with a  3 per cent dilution,  so 3 per cent 
solutions of different lots were compared with this same standard,  and 
the appropriate values of ~ estimated, together with 0 in each instance. 
The  results  so obtained are given in  Table IV and  the points  (o,  4) 
represented graphically in Text-fig. 1. 
TABLE  IV 
Starch lot  o 
I 
II 
III 
IV 
V 
VI 
VII 
1.35 
I .41 
1.49 
1.56 
1.70 
2.51 
3.47 
0. 932 
0. 898 
0.863 
0. 842 
0. 800 
0. 582 
0.43 
DISCUSSION 
It is remarkable that the data of Table IV admit of representation of 
as a  single valued decreasing function of p by a  smooth continuous 
curve as illustrated in Text-fig. 1.  It is obvious that we should fail to 
obtain equivalent digestions merely by restricting variations in p (e.g., 
by taking  a  concentration  of  starch  such  that  p  =  2.5).  For  the 
values of ~  for Lots IV and VI at this point would be approximately 
0.8 and 0.6, respectively, whence the ordinary procedure of taking  T 
as the  time required  for a  20 per cent change in viscosity  obviously 
would be more than twice as great in the first than in the second  case 
(the shape of the actual digestion curves being concave upward as is 
well  known).  Further  investigations  of  other  relations  between  p 
and  ~  for different lots of starch are in progress in this laboratory.  It 
appears that with the standard lot of starch used as the basis of com- 
parison in these studies, that a  3 per cent solution may be used as an 
alternative  to the  7 per cent solution previously employed, provided 
the value ~  =  0.842 is substituted for that of ~  =  0.800.  Here also, 
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merits of such systems.  The limitations to following digestions only 
in duplicate (two viscosimeters) was admitted in certain of these ex- 
periments only because of a  desire to run four digestions simultane- 
ously, and a limitation under then existing circumstances to the simul- 
taneous employment of not more than eight viscosimeters.  In Table 
III two rejections have been made in the usual manner. 
SUMMARY 
The results of employing different  concentrations  of  starch  and 
starch from different lots as substrates in the viscosimetric estimation 
of amylase concentration have been compared with the object of ul- 
timate attainment of reproducible standards,  independent of succes- 
sive comparison. 